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Purpose:  The  normal  disc  conﬁguration  is  biconcave;  however,  the deformed  disc  can  be found  in  internal
derangement  (ID)  of  the  temporomandibular  joint  (TMJ).  The  purpose  of  this  study  was  to evaluate  the
relationship  between  the  transformation  patterns  of  TMJ  disc conﬁguration  during  mouth  opening  and
disc  displacement  status,  disc  reduction  ability  and  TMJ  clinical  symptoms.
Methods: TMJ MR images  from  volunteers  and ID patients  were  analyzed  for  closed  and  open  mouth
positions.  MR  images  of  ID  patients  were  classiﬁed  into  4 groups:  symptomatic  joint  with  anterior  disc
displacement  with  or  without  reduction  (ADW  or ADWo)  and  asymptomatic  joint  with  ADW  or  ADWo.
The  disc  conﬁgurations  in  both  positions  were  categorized  as  biconcave,  biplanar,  convex  or  folded;  thennternal derangement
RI
the  patterns  of  transformation  were  observed.
Results: For  the ADW  group,  the  most  common  disc  conﬁguration  for closed  and  open  mouth  positions
were  biplanar  (66.7%)  and  biconcave  (86.3%).  The  transformation  pattern  was  signiﬁcantly  related  to disc
reduction  ability  (p < 0.05).
Conclusions: The  transformation  patterns  of  disc conﬁguration  during  opening  were  related  to  anterior
disc  displacement  and  disc  reduction  ability.
 Japan© 2012
. Introduction
Magnetic resonance (MR) imaging is an advanced imaging tech-
ique that can investigate soft tissue including temporomandibular
oint (TMJ) disc. It is also considered to be one of the best diagnos-
ic modalities to assess TMJ  internal derangement (TMJ ID) [1,2],
ne of the most common diagnoses of temporomandibular disor-
ers (TMD). It can be considered as a deviation of the relationship
etween the TMJ  disc, condylar head, and articular fossa.
Disc  conﬁguration has been considered as a substantial feature
f internal derangement and as a suggestion of functional imped-
ments. In the sagittal view of the TMJ, normal disc morphology is
iconcave with thick anterior and posterior bands, and thin at the
ntermediate zone. The thin intermediate zone of the disc normally
erves as an articulating cushion between the condyle and articular
minence.
The majority of TMJs with completely anterior disc displace-
ent have disc deformation [3]. The normal biconcave shape can
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oi:10.1016/S1348-8643(12)00025-0ese Stomatological Society. Published by Elsevier Ltd. All rights reserved.
commonly be found in the normal disc–condyle–fossa relationship
[4–7], but also can be found in a slight-to-moderate anterior disc
displacement [8–10], while convex conﬁguration [8,9], and folded
conﬁguration [10] are commonly found in severe anterior disc dis-
placement without reduction (ADWo). However, a disc with a thick
posterior band was the common shape of the disc in both anterior
disc displacement with reduction (ADW) and ADWo  as described
in the study of Orhan et al. [5]. For biplanar conﬁguration, this was
found as the common disc shape in patients with TMJ  problems in
the study by Milano et al. [11].
The deformity of disc conﬁguration is an important feature
and associated with TMJ  ID [3,9]. It can cause joint functional
impediment [3,9]. The relation between the deformation of disc
conﬁguration and osteoarthrosis was reported [7]. The disc conﬁg-
uration can be changed from closed to open mouth position [8].
The information of the pattern of disc changing conﬁguration dur-
ing open mouth can be useful for treatment planning and prognosis
in patients with TMJ  ID. For example, the transformation pattern of
disc conﬁguration during mouth opening shown on MR  image can
provide the prognosis of nonsurgical treatment in the patient hav-
ing ADWo [12]. The patient with ADWo showing the stuck disc and
no transformation disc shape from closed to open mouth position
on MR  image will not respond well to nonsurgical conservative
treatment. Therefore, the purpose of this study was to evaluate
evier Ltd. All rights reserved.
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he relationship between the transformation pattern of disc con-
guration from closed to open mouth position and status of disc
isplacement including the disc reduction ability during opening
nd the clinical symptoms of TMJs.
. Materials and methods
MR  images of 150 TMJs in 20 healthy female volunteers (age
anging from 25 to 46 years) with no signs and/or symptoms of TMJ
roblem and 55 patients (49 females, 6 males, age ranging from 16
o 67 years) with diagnosis of TMJ  ID were evaluated. This study was
pproved by the Research Ethics Committee of The Nippon Den-
al University School of Life Dentistry at Niigata. Informed signed
onsent was obtained for all volunteers in the MR  examination.
A  detailed description of the obtained MR  images of both volun-
eers and TMJ  ID patients has been described previously [13]. The
btained proton density images of volunteers were performed by
.5-T MR  imaging system (Excelart, Vantage, Toshiba, Tokyo, Japan)
sing a bilateral 10 cm diameter TMJ  surface coil at The Nippon
ental University School of Life Dentistry at Niigata. T1-weighted
mages or proton density images of the TMJ  ID patients were taken
t 4 afﬁliated hospitals from 1992 to 1998 using 1-T (Magnex
00/HP, Shimadzu, Kyoto, Japan), 1-T or 1.5-T (Siemens Magne-
om Impact, Siemens Medical Solutions, Erlangen, Germany). One
f the authors (M.T.) has been treating TMD  patients in 3 afﬁliated
ospitals. The images were taken in both closed and open mouth
ositions. During scan time of open mouth position, two  bite blocks
ere placed between upper and lower molar teeth on both sides
o assure the maximum mouth opening of each subject.
Parasagittal slices obtained perpendicular to the long axis of
ondylar head showing the central section of TMJ  were used to
Fig. 1. Classiﬁcation of disc conﬁguration: (A) bic International 9 (2012) 43– 48
evaluate  disc position as well as disc conﬁguration for both the
closed and open mouth positions. Based on the MR  images, diag-
nosis related to disc position for each TMJ  carried out by the author
M.T. included the following: no disc displacement (ND), ADW, and
ADWo. ND was considered when the posterior band was  superior to
the condylar head (12 o’clock position) in closed mouth position.
Any anterior position of disc from this criterion in closed mouth
position was  classiﬁed as anterior disc displacement (AD). For TMJs
with anterior disc displacement, when the disc was  moved and
placed on the top of the condyle in the open mouth position, ADW
was noted. However, if the disc remained anterior to the condyle
in the open mouth position, ADWo was  recorded.
After diagnosis, all 110 joints of 55 patients were grouped
according to the clinical symptoms of TMJs and diagnosis from MR
imaging as described in a previous study [13] and included: Group
1 (G 1), ADW on the symptomatic joint (26 joints); Group 2 (G 2),
ADWo on the symptomatic joint (29 joints); Group 3 (G 3), ADWo
on the asymptomatic joints (11 joints); and Group 4 (G 4), ADW on
the asymptomatic joints (25 joints). The clinical symptoms of the
symptomatic TMJ  were TMJ  pain, and/or TMJ  noise, and/or mouth
opening decrease. Besides these 4 groups, there were 11 symp-
tomatic joints with no disc displacement and 8 asymptomatic joints
with no disc displacement. These 19 joints were not involved in the
analysis.
The disc conﬁguration of TMJs from each group was determined
by the author R.A. in both the closed and open mouth positions
without knowing the prior disc position diagnosis. For this study,
the disc conﬁgurations were classiﬁed in 4 types modiﬁed from pre-
vious studies [1,5,8–12,14–18]: biconcave, biplanar, convex, and
folded (Fig. 1). Biconcave is deﬁned as the normal disc shape with
thick anterior and posterior bands and thin intermediate zone. A
oncave, (B) biplanar, (C) convex, (D) folded.
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Table 1
The  prevalence of disc conﬁguration in each group at closed mouth position.
Group (number) Disc conﬁguration at closed mouth position
Biconcave Biplanar Convex Folded
G1 (26 joints) 5 (19.23%) 18 (69.23%) 3 (11.54%) –
G2  (29 joints) – 13 (44.83%) 9 (31.03%) 7 (24.14%)
G3  (11 joints) 1 (9.09%) 4 (36.36%) 4 (36.36%) 2 (18.18%)
G4  (25 joints) 1 (4.0%) 16 (64.0%) 7 (28.0%) 1 (4.0%)
Volunteer (no ID; 36 joints) 32 (88.89%) 2 (5.55%) 2 (5.55%) –
ID, internal derangement.
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Iig. 2. Proton density magnetic resonance images of the left temporomandibular
osition and a folded conﬁguration in (B) the open mouth position.
iplanar disc is deﬁned as a disc with the same thickness of ante-
ior, middle, and posterior parts. A convex disc is deﬁned as a disc
ith both convex upper and lower surfaces or a disc with thicker
nterior or posterior band and longer anteroposteriorly. A folded
isc is deﬁned as a disc with any folded portions. Biplanar, convex,
nd folded discs are classiﬁed as disc deformations. The transfor-
ation pattern of the disc conﬁguration from closed to open mouth
osition was observed for each TMJ  (Fig. 2).
The chi-square test (Sigmastat 3.11, Systat Software, Inc,
hicago, IL, USA) was used to evaluate the relationship between
he transformation patterns of disc conﬁguration from the closed
o open mouth position and disc displacement status, disc reduc-
ion ability during mouth opening and the clinical symptoms of
MJs. Level of signiﬁcance was set at p = 0.05.
. Results
The mean age of 20 female volunteers was 30.05 ± 5.05 years
nd TMJ  ID patients (6 males and 49 females) was 34.8 ± 13.5 years.
here was no statistically signiﬁcant difference for age between
hese 2 groups (Mann–Whitney Rank Sum test; p = 0.258).
From the total of 40 clinically normal joints, 36 joints (90%)
ere found to possess ND disc, while other 3 joints (7.5%) were
lassiﬁed as ADW and 1 joint (2.5%) as ADWo. These 4 joints with
able 2
he  prevalence of disc conﬁguration in each group at open mouth position.
Group (number) Disc conﬁguration at open mouth p
Biconcave 
G1 (26 joints) 22 (84.61%) 
G2  (29 joints) – 
G3  (11 joints) –
G4  (25 joints) 20 (80.0%) 
Volunteer  (no ID; 36 joints) 36 (100%) 
D, internal derangement.in a 46-year-old female showing a convex conﬁguration in (A) the closed mouth
disc  displacement were not analyzed in the study. Among 36
joints with ND, the disc conﬁgurations of 32 joints (88.89%) were
biconcave, 2 joints (5.55%) were biplanar, and another 2 joints
(5.55%) were convex in closed mouth position (Table 1). However,
the disc conﬁgurations of all 36 joints (100%) were biconcave in
the open mouth position (Table 2).
For TMD  ID patients, there were 26 joints for G1, 29 joints for
G2, 11 joints for G3, and 25 joints for G4. Biplanar conﬁguration
was the most common disc shape (34/51 = 66.67%) in the ADW
group in the closed mouth position. The prevalence of biplanar
conﬁguration of ADW for both symptomatic joints (G1) and asymp-
tomatic joints (G4) was 69.23% and 64%, respectively (Table 1).
For open mouth position, biconcave was the most common disc
shape (42/51 = 82.35%), 84.61% for symptomatic joints, and 80% for
asymptomatic joints (Table 2). In the ADWo group, biplanar and
convex were common conﬁgurations (30/40 = 75%) in closed mouth
position (Table 1), while folded shape was the most common con-
ﬁguration (17/29 = 58.62%) for the symptomatic joints. However,
convex shape was the most common conﬁguration (7/11 = 63.64%)
for the asymptomatic joints in open mouth position (Table 2).A relationship was observed among certain transformation pat-
terns of disc conﬁguration and the disc reduction from closed to
open mouth in both ND volunteers and ADW in asymptomatic
joints (G4) group (p < 0.001, Table 3). Most of the disc shapes
osition
Biplanar Convex Folded
3 (11.54%) 1 (3.85%) –
5 (17.24%) 7 (24.14%) 17 (58.62%)
2 (18.18%) 7 (63.64%) 2 (18.18%)
2 (8.0%) 2 (8.0%) 1 (4.0%)
– – –
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Table 3
Disc  shape transformation patterns during mouth opening in the asymptomatic
joints  between volunteers with no disc displacement and the asymptomatic joints
of anterior disc displacement with reduction (G4).
Transformation patterns
(closed  → open position)
No.  of joints in
volunteer
(36  joints)
No. of joints in G4
(25  joints)
1. Biconcave → biconcave 32 (88.90%) 1 (4%)
2. Biplanar → biconcave 2 (5.55%) 13 (52%)
3. Biplanar → biplanar 0 1 (4%)
4. Biplanar → convex 0 2 (8%)
5. Convex → biconcave 2 (5.55%) 5 (20%)
6. Convex → biplanar 0  1 (4%)
7. Convex → folded 0 1 (4%)
8. Folded → biconcave 0 1 (4%)
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Table 6
Disc  shape transformation patterns during mouth opening in anterior disc displace-
ment with reduction between the symptomatic joints (G1) and the asymptomatic
joints  (G4).
Transformation patterns
(closed  → open position)
No.  of joints in
G1
(26  joints)
No. of joints in
G4
(25  joints)
1. Biconcave → biconcave 5 (19.23%) 1 (4%)
2. Biplanar → biconcave 14 (53.85.%) 13 (52%)
3. Biplanar → biplanar 3 (11.54%) 1 (4%)
4. Biplanar → convex 1 (3.84.%) 2 (8%)
5. Convex → biconcave 3 (11.54%) 5 (20%)
6. Convex → biplanar 0 1 (4%)
7. Convex → folded 0 1 (4%)
8. Folded → biconcave 0 1 (4%)
No., number; p = 0.377.
Table 7
Disc  shape transformation patterns during mouth opening in anterior disc dis-
placement without reduction between the symptomatic joints (G2) and the
asymptomatic  joints (G3).
Transformation patterns
(closed  → open position)
No.  of joints in
G2
(29  joints)
No. of joints in
G3
(11  joints)
1. Biplanar → biplanar 4 (13.79%) 2 (18.18%)
2.  Biplanar → convex 4 (13.79%) 2 (18.18%)
3.  Convex → biplanar 1 (3.45%) 0o., number; Chi-square, p < 0.001.
emained biconcave during mouth opening in the ND volunteer
roup (88.90%), but altered from biplanar to biconcave (52%) during
pen mouth position in the G4 group.
Moreover, the conﬁguration transformation pattern during
outh opening was also signiﬁcantly related to the disc reduc-
ion ability for ADW compared with ADWo in symptomatic
oints (p < 0.001), and for ADW vs. ADWo in asymptomatic joints
p = 0.007, Tables 4 and 5).No  correlation was found between the conﬁguration transfor-
ation pattern and the clinical symptoms of TMJs, for G1 vs. G4
f the ADW group (p = 0.38, Table 6) and for G2 vs. G3 of the
able 4
isc  shape transformation patterns during mouth opening in the symptomatic joints
etween anterior disc displacement with reduction (G1) and anterior disc displace-
ent without reduction (G2).
Disc conﬁguration
transformation
No. of joints in
G1
(26  joints)
No.  of joints in G2
(29  joints)
1. Biconcave → biconcave 5 (19.23%) 0
2. Biplanar → biconcave 14 (53.85%) 0
3. Biplanar → biplanar 3 (11.54%) 4 (13.79%)
4. Biplanar → convex 1 (3.84%) 4 (13.79%)
5. Convex → biconcave 3 (11.54%) 0
6. Convex → biplanar 0 1 (3.45%)
7. Convex → folded 0 7 (24.14%)
8. Biplanar → folded 0 5 (17.24%)
9. Convex → convex 0 1 (3.45%)
10. Folded → folded 0 5 (17.24%)
11. Folded → convex 0 2 (6.90%)
o., number; p < 0.001.
able 5
isc  shape transformation patterns during mouth opening in the asymptomatic
oints  between anterior disc displacement without reduction (G3) and anterior disc
isplacement with reduction (G4).
Transformation patterns
(closed  → open position)
No.  of joints in
G3
(11  joints)
No. of joints in
G4
(25  joints)
1. Biconcave → biconcave 0 1 (4%)
2.  Biplanar → biconcave 0 13 (52%)
3.  Biplanar → biplanar 2 (18.18%) 1 (4%)
4.  Biplanar → convex 2 (18.18%) 2 (8%)
5.  Convex → biconcave 0  5 (20%)
6.  Convex → biplanar 0 1 (4%)
7.  Convex → folded 1 (9.09%) 1 (4%)
8.  Folded → biconcave 0 1 (4%)
9.  Biconcave → convex 1 (9.09%) 0
10.  Convex → convex 3 (27.28%) 0
11.  Folded → folded 1  (9.09%) 0
12.  Folded → convex 1 (9.09%) 0
o., number; p = 0.007.
4.  Convex → folded 7 (24.14%) 1 (9.09%)
5.  Biplanar → folded 5 (17.24%) 0
6.  Convex → convex 1 (3.45%) 3 (27.28%)
7.  Folded → folded 5 (17.24%) 1 (9.09%)
8.  Folded → convex 2  (6.90%) 1 (9.09%)
9.  Biconcave → convex 0 1 (9.09%)
No., number; p = 0.204.
ADWo group (p = 0.20, Table 7). As for the data on the duration of
TMJ symptoms in 41 from 55 patients, the duration of TMJ  symp-
toms was not signiﬁcantly associated with the disc conﬁguration
in either closed (p = 0.238) or open (p = 0.213) mouth position. The
duration of TMJ  symptoms was  also not signiﬁcantly associated
with the transformation pattern of disc conﬁguration from closed
to open mouth position (p = 0.202).
4.  Discussion
The incidence of disc deformation was  greater in disc dis-
placement than in normal disc position, and the incidence of disc
deformation was  greater in the nonreducing displaced disc than in
the reducing displaced disc [19]. Our study found that biconcave
was the most common disc conﬁguration in volunteers with
normal disc–condyle–fossa relationship for both the closed and
open mouth positions. This ﬁnding is in agreement with previous
studies [7–9].
Although we found that biplanar was  the most common disc
conﬁguration in the ADW group in closed mouth position, when
the disc was  reduced in open mouth position, the disc was  then
relocated superiorly to the condylar head with biconcave conﬁgu-
ration. On the contrary, Heffez and Jordan [9] found that biconcave
shape was  common for both closed and open mouth positions.
Moreover, some studies found that biplanar shape could be found
in a nondisplaced disc [15,19].
When the ADWo progressed, the disc lost its original biconcave
shape [8,14]. Round (convex in our study) and folded were common
conﬁgurations for ADWo [19]. For the ADWo group on closed mouth
position in our study, we found that the common conﬁguration
was biplanar and convex. However, in mouth opening most of the
discs showed folded conﬁguration in symptomatic joints and con-
vex conﬁguration in asymptomatic joints. The studies of Murakami
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t al. [15], and of de Leeuw et al. [8] showed convex conﬁguration
ommon on mouth opening. One study reported that a thick pos-
erior band of disc (convex in our study) was the most common
hape in both ADW and ADWo [5]. Unlike the study of Heffez and
ordan [9], they found that a bulge (convex in our study) was the
redominant ﬁnding for both closed and open mouth positions in
evere ADWo.
For  the transformation pattern of discs, TMJ  with no displaced
isc had no transformation of disc conﬁguration during open
outh. Discs had biconcave conﬁguration in both closed and open
outh positions. However, a signiﬁcant correlation was found
etween the transformation of disc conﬁguration and the diagno-
is of anterior disc displacement. Transformation from biplanar in
losed mouth to biconcave in open mouth was found to be the most
ommon pattern in ADW.
It seems that disc degeneration begins from the posterior part
f the disc [5,13,20]. Our previous report [13] found that in closed
outh position only the posterior point of disc was located more
nteriorly in the ADW than in normal disc position, but the anterior
oint of the disc was not different between these two groups. More-
ver, caspase 3 (cysteine-containing aspartate-speciﬁc proteases:
nzyme in the apoptosis cell death process) was  found more fre-
uently in displaced discs than no displaced discs [20]. Compared
ith the anterior and intermediate zones of both ADW and ADWo
iscs, a larger number of caspase 3-labeled cells was observed in
he posterior disc attachment [20].
A signiﬁcant relationship was found between the transforma-
ion of disc conﬁguration and the reduction of disc in this study.
hen the disc was displaced with reduction, the common pattern
f disc conﬁguration was biplanar in closed mouth and transformed
o biconcave in open mouth position. However, in the group of the
isplaced disc without reduction, the common pattern was con-
ex to folded from closed to open mouth position in symptomatic
oints.
Our previous report [13] also found that in closed mouth posi-
ion of the ADWo, both the posterior and the anterior point of the
isc was more antero-inferior than that of the normal disc position.
n normal disc position, the antero-posterior length of the disc is
onger in open mouth position than in closed mouth position, but in
DWo, the length of disc was not different for both closed and open
outh position [13]. However, disc length of ADWo was  shorter
han that of normal disc position for both closed and open mouth
osition [8,13,21,22].
We  suggest that the greater the severity of the displaced disc,
he greater the transformation of the disc conﬁguration as some
tudies have suggested [8,15,16,19]. We  found that disc trans-
ormation occurred from biconcave to biplanar and ultimately
o convex/folded conﬁguration. We  suggest that the disc was
eformed as a result of disc displacement as in some other studies
3,4,9,15,19,23,24]. As TMJ  with completely anterior disc displace-
ent displays the deformity of disc [3], the early treatment for
nternal derangement should be performed for reducing the possi-
ility of the progression to disc deformity.
As articular disc can exist in different conﬁgurations from closed
o open mouth, we suggest determining the disc conﬁguration
n both closed and open mouth positions. Normal biconcave disc
onﬁgurations were commonly found on the superior position of
ondyle with normal surfaces [7], and also can be found in anterior
isplaced discs [7,25].
Except  for slight anterior displacement, the anatomic disc is nor-
ally found in the primary stage. It is speculated that an earlier
tage in the development of hyperplastic tissue of the articulat-
ng fossa involves the thickening of the posterior disc attachment
25]. When the disc is displaced, the retrodiscal tissue interposed
etween the condyle and the temporal bone undergoes remodeling
nd a decrease in vascularity [26]. The orientation of the collagen International 9 (2012) 43– 48 47
bundles  is changed in the biconcave disc, and ongoing over a long
period with deformation of the internal structure; the result is com-
plete disc deformation. The deformity of disc conﬁguration from
biconcave to deformed disc conﬁguration can be demonstrated in
a variety of shapes. The posterior condylar position is associated
with anterior disc displacement [4].
However, a displaced disc may  or may  not be associated with
clinical symptoms. In this study, we  found no relationship between
the transformation of disc shape during open mouth and clini-
cal symptoms. This relationship was  not found either in the ADW
group (p = 0.377) or ADWo group (p = 0.204). Displaced discs on MR
imaging can be found in healthy subjects with symptom-free TMJ
[13,27], but a displaced disc does not necessarily cause functional
abnormalities such as limited mouth opening or clicking [27]. A
displaced disc alone is unlikely to be the primary cause of TMJ  pain
[28–30].
On the other hand, other studies have found that the altered disc
position and disc shape during mouth opening can be predisposing
factors increasing the risk of signs and symptoms of TMJ  disorders
[11,31] or as a factor predisposing the onset of slowly evolving,
long-term degenerative disease [11]. As internal derangement may
progress to osteoarthrosis, biconvex (convex in our study) was
always located in the anterior position and related to osteoarthrosis
[7], while some studies found that disc position and conﬁguration
were not correlated to osteoarthrosis [32,33].
As it has been suggested that disc shape is dependent on the
stage of derangement, no displaced discs normally have biconcave
shape, while permanent displacement disc always deformed and
decrease the antero-posterior length [8]. It would be interesting to
study the relationship between the transformed disc shape and the
onset of TMJ  symptoms. However, we  found no signiﬁcant relation-
ship between the onset of TMJ  symptoms and the disc conﬁguration
at either closed or open mouth position as well as the transforma-
tion of disc shape from closed to open position. This may  be due to
the lack of complete data on onset of symptoms for this study.
In  conclusion, common disc conﬁguration in normal
disc–condyle–articular fossa relationship is biconcave for both
closed and open mouth positions; whereas, biplanar conﬁguration
was the most common for anterior disc displacement in closed
mouth position and returned to biconcave conﬁguration in open
mouth position. In case of ADWo, biplanar and convex was  the
common ﬁnding in closed mouth, but the shape was progressively
changed in open mouth. Furthermore, this study found that the
transformation of disc conﬁguration correlated with the disc
displacement status, and also correlated with the reduction of disc.
We suggest that disc displacement has an impact on the shape of
disc. The greater the severity of the displaced disc (the internal
derangement), the greater the alteration of the disc shape. It may
be suggested that the transformation of the disc is from biconcave
to biplanar and folded/convex ultimately. However, no correlation
was found between the particular transformation pattern of disc
conﬁguration during open mouth and the clinical symptoms of
TMJ. Because of the variation of disc conﬁguration in both closed
and open mouth positions, the evaluation of disc conﬁguration
should be considered in both positions.
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